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) Clamp circuitry.

@) A clamp circuit includes a coupling capacitor
(C1) connected between signal input (10) and signal
output (12) terminals. A constant current sink (18)
and a controlled current source (16) are connected
o the output terminal. A comparator (14), coupled fo
the output terminal via a lowpass filter (R1, C2).
generates signals for conditioning the controlled cur-
rent source (16) to source current whenever the
output terminal exhibits a potential which differs from
a predetermined reference in a predetermined polar-
ity sense.
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CLAMP CIRCUITRY

This invention relates to circuitry for re-estab-
lishing the D.C. level of an A.C. coupled signal.

Many time varying signals are generated with
amplitude swings referenced to a D.C. value, with
both the D.C. value and signal amplitude excur-
sions conveying information. For example, conven-
tional video signals include a time varying compo-
nent which conveys image structure information
referenced to a D.C. value which establishes the
relative brightness of the scene.

In transmitting such signals the D.C. reference
value may be lost, thus it becomes necessary at
the receiver to reestablish such reference. Typi-
cally, in television receivers D.C. restoration is per-
formed by clamping the tips of the horizontal syn-
chronizing pulses to a predetermined D.C. value.
This is accomplished by a) detecting the video
signal to generate a pulsed signal coincident with
the horizontal synchronizing pulses; b) applying the
received video signal to the input terminal of a
coupling capacitor; ¢) using the pulsed signal to
condition a swiich to apply a constant reference
value to the output terminal of the capacitor during
the horizontal synchronizing intervals; and d) ac-
cessing D.C. restored video signal from the output
terminal of the coupling capacitor.

There is a disadvantage to this type of clamp-
ing system in that the pulsed signal may introduce
switching transients into the video signal. This is
particularly true when the clamping circuitry is resi-
dent on an integrated circuit including additional
analog signal processing circuitry. The potential for
infroducing such transients is enhanced if the in-
tegrated circuitry is realized with high impedance
field effect devices.

The present invention is directed to clamp cir-
cuitry which reduces the possibility of coupling
switching transients into the processed signal either
at the clamp circuitry per se or associated process-
ing circuitry. The present clamp circuitry includes a
coupling capacitor having an input terminal to
which the signal to be D.C. restored is applied and
an output terminal from which clamped signal is
available. A comparator is coupled to the output
terminal of the coupling capacitor via a lowpass
filter and generates an output signal related to the
difference between the potential passed by the
lowpass filter and a predetermined value. A vari-
able current source coupled to the output terminal
of the coupling capacitor is conditioned by the
output signal from the comparator to charge the
capacitor to a predetermined potential.

In the accompanying drawings, FIGURES 1
and 2 are schematic block diagrams of alternative
clamp circuitry embodying the invention; and
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FIGURE 3 is a detailed schematic diagram of ex-
emplary circuitry for realizing the FIGURE 1 sys-
tem.

The invention will be described in terms of
conventional video signals including horizontal syn-
chronizing components; however, it should be ap-
preciated that it is applicable to any signals having,
e.g., pulsed intervals, the amplitude of which bears
some relationship to the D.C. reference value of the
signal.

Referring to FIGURE 1, the video signal o be
clamped is applied to the input terminal 10 of a
coupling capacitor C1. The presumption is made
that the horizontal synchronizing pulses are
negative-going pulses and that positive-going ex-
cursions of active video represent white areas of
transmitted images. The ouiput terminal 12 of the
capacitor C1 provides the D.C. restored or clamped
video output signal.

A constant current source 18 is coupled to
terminal 12 and sinks current from the capacitor C1
tending to drive terminal 12 to a relatively negative
potential. The effective time constant of the com-
bination of current source 18 and capacitor C1 is in
the order of 70 milliseconds or approximately 1000
horizontal line intervals. The current source 18 in-
sures that the system does not lock up at some
erroneous relatively positive D.C. value.

Video signal from terminal 12 is coupled to a
lowpass filter consisting of a series resistor R1 and
a shunt capacitor C2. This lowpass filter is de-
signed to pass the horizontal synchronizing pulses
and to attenuate noise and the higher frequency
components of the active video signal including
burst. An exemplary suitable time constant for the
combination of R1 and C2 is 0.59 microseconds.
Note however that resistor R1 should be sufficiently
large to preclude loading of terminal 12.

Low pass filtered video signal is coupled fo the
non-inverting input terminal of a comparator circuit
14. A reference potential VREF is applied fo an
inverting input terminal of the comparator 14. Com-
parator 14 generates a substantially bilevel output
signal which is relatively positive when the am-
plitude of the lowpass filiered video signal is great-
er than VREF and relatively negative when VREF is
greater than the amplitude of the video signal.

The value VREF (in the illustrated example)} is
selected to equal the D.C. potential value to which
the horizontal synchronizing pulses of the video
output signal are to be clamped. It will be recog-
nized however that if D.C. attenuation is built info
the lowpass filter, then the clamp potential will be
offset from VREF.

Output signal from the comparator 14 is coup-
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led to the gate elecirode of a p-type field effect
{ransistor 16 which is connected to operate as a
common source amplifier. The drain electrode of
transistor 16 is coupled to terminal 12 via a resistor
R2. Transistor 16 and resistor R2 form a current
source for selectively supplying current to terminal
12.

During horizontal synchronizing pulse intervals
the amplitude of the video signal at terminal 12 will
typically be less than VREF due to the constant
discharge of capacitor C1 by current source 18. As
such comparator 14 will provide a relatively nega-
tive output signal which conditions transistor 16 into
conduction to charge terminal 12 to the potential
VREF. When terminal 12 attains the value VREF or
the end of the horizontal synchronizing period oc-
curs in which case the video signal goes relatively
positive, the output signal from comparator 14 be-
comes relatively positive. This conditions fransistor
16 out of conduction, effectively removing it from
the circuit. The effective time constant of the com-
bination of capacitor C1, resistor R2 and transistor
16 {when conducting) is of the order of one mil-
lisecond. Thus several line intervals are required to
achieve clamping at the desired potential. The time
constant may be reduced to provide a faster re-
sponse time.

In order 0 reduce erroneous occurrences of
clamp operation at other than horizontal synchro-
nizing pulse intervals, to minimize the effects of
noise on the amplitude of the clamping level and
also to slow output transitions of the comparator
output signal and thereby to reduce switching fran-
sients, it has been found to be advantageous to
include lowpass filter circuitry between the com-
parator 14 and ftransistor 16. Such lowpass filter
function may of course be integral to the compara-
tor circuitry.

The circuitry illustrated in FIGURE 2 is similar
to that of FIGURE 1 with the exception of the
circuitry for supplying charging current to terminal
12. That is, transistor 16 and resistor R2 are re-
placed by a gated amplifier 20 and a resistor R3.
The amplifier 20 has a contro! input terminal coup-
led to the ouiput terminal of comparator 14. Am-
plifier 20, responsive to the control signal from the
comparator, is conditioned to be operative when
the video signal at terminal 12 is less than VREF,
and is conditioned to provide a high output imped-
ance when the video signal is greater than VREF.

A non-inverting input terminal of the amplifier
20 is coupled to the reference potential VREF. The
resistor R3 is coupled between an output and in-
verting input terminals of amplifier 20 to configure
it as a voltage follower. The interconnection of the
resistor R3 and inverting input terminal is con-
nected fo terminal 12. The time constant of the
combination of resistor R3 and capacitor C1 is
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relatively short. The amplifier 20 and resistor R3
provide current to charge or discharge capacitor
C1.

The advantage of the FIGURE 2 embodiment
is that the charging current provided by resistor R3
is a function of the difference between VREF and
the potential at terminal 12, by virtue of the follower
configuration of amplifier 20. The charging current
is not affected by perturbations (e.g., due to noise)
present on the control signal generated by the
comparator 14.

FIGURE 3 illustrates an embodiment similar to
the system shown in FIGURE 1 which is realized
as a field effect transistor integrated circuit. The
FIGURE 3 circuitry also includes a lowpass filter
connected between the output of the comparator
and the input of the current source transistor 16"

In FIGURE 3 circuit elements or blocks des-
ignated with primed numbers correspond o like
numbered elements in FIGURE 1 and perform
similar functions. Transistors having circles on their
gate electrodes are p-type devices and fransistors
without circles on their gate electrodes are n-type
devices. The comparator 14" is of conventional
design and as such will not be described in detail.

The current sink 18' includes a current gener-
ator including transistors P2 and N2 which gen-
erate a potential at their interconnection related to
the current passed in their series connected con-
figuration. Transistors N2 and N3 are connected in
a current mirror configuration such that the current
provided by iransistor N3 is related to the current
passed by transistor N2 according o the ratio of
their channel areas.

The lowpass filter (LPF) coupled to terminal 12
includes a resistive element R1' consisting of a pair
of transistors having high source-to-drain imped-
ance and connected in the form of a conventional
complementary transistor transmission gate with
both of the complementary transistors biased into
conduction by respective supply potentials VDD
and ground. The capacitor (C2) for the LPF is
realized via the gate-to-substrate/channel capacit-
ances of a pair of complementary transistors P1
and N 1. The output lowpass filter LPF2 is realized
in a like manner. An exemplary time constant for
the filter LPF2 is of the order of 0.1 microsecond.

The resistor R2' connected between the cur-
rent source iransistor 16" and terminal 12 is also
realized with a pair of high impedance transistors
arranged in the form of a conventional complemen-
tary fransistor transmission gate, and which is bi-
ased into conduction by the supply potentials.

The reference potential VREF is generated by
a reference generator 100. The generator 100 is
made programmable by virtue of being arranged to
accept digital control values from a system control
element such as a microprocessor (not shown).
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The reference control values are applied to a
digital-to-analog converter 102 which provides re-
spective output current values corresponding to the
control signals. The current from the digital-to-ana-
log converter is coupled to the input connection of
a current mirror amplifier 104. Output current from.
the current mirror ampilifier 104 is coupled to a p-
type transistor P3 arranged as a current-to-voltage
converter which provides the potentials VREF cor-
responding to the applied reference control values.

Claims

1. Clamp circuitry comprising:
a signal input terminal and a signal output
terminal;
a coupling capacitor coupled between said sig-
nal input and output terminals; characterized
by:
a lowpass filter having an input terminal coup-
led to said signal output terminal, and having
an output terminal;
a comparator having a first input terminal
coupled to the output terminal of said lowpass
filter, and having a second input terminal coup-
led to a source of reference potential, for gen-
erating a control signal related to the difference
between signal provided by said lowpass filter
and said reference potential;
a controllable current source, having a control
input terminal coupled to said comparator, and
an oufput terminal coupled to said signal out-
put terminal, and responsive fo said control
signal, for providing current to said capacitor in
a direction tending to establish a potential at
said signal output terminal having a predeter-
mined relationship to said reference potential
when said reference potential differs from sig-
nal provided by said lowpass filter in a pre-
determined polarity sense, and provides sub-
stantially no current otherwise.

2. The clamp circuitry set forth in claim 1 further
characterized by:
a constant current source, having an output
“terminal coupled to said signal output terminal,
for continuously providing a substantiaily con-
stant current in a direction to cause said signal
output terminal to exhibit a potential which
differs from said reference potential in said
predetermined polarity sense.

3. The clamp circuitry set forth in claim 1 further
characterized by a further lowpass filter coup-
led between said comparator and said conirol-
lable current source.

4, The clamp circuitry set forth in claim 1 further
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10.

characterized in that said controllable current
source comprises;

a transistor having a conirol electrode coupled
to said comparator, and having a principal con-
duction path coupled between a source of sup-
ply potential and a further terminal; and
resistive means coupled between said further
terminal and said signal output terminal.

The clamp circuitry set forth in claim 4 further
characterized in that said resistive means in-
cludes a field effect transistor transmission
gate biased into conduction.

The clamp circuitry set forth in claim 2 further
characterized by a further lowpass filter coup-
led between said. comparator and said control-
lable current source.

The clamp circuitry set forth in claim 6 further
characterized in that said controllable current
source comprises;

a transistor having a control elecirode coupled
to said comparator, and having a principal con-
duction path coupled between a source of sup-
ply potential and a further terminal; and
resistive means coupled between said further
terminal and said signal output terminal.

The clamp circuitry set forth in claim 7 further
characterized in that said resistive means in-
cludes a field effect transistor transmission
gate biased into conduction.

The clamp circuitry set forth in claim 6 further
characterized in that said confroliable current
source comprises;

a gated amplifier, having a control terminal
coupled to said comparator, having a first input
terminal coupled to said source of reference
potential, having a second input terminal and
an output terminal;

resistive means coupled between the second
input and output terminals of said gated am-
plifier; and

means for coupling an interconnection of said
resistive means and said second input terminal
of said gated amplifier to said signal output
ferminal.

0. The clamp circuitry set forth in claim 1
further characterized in that said controllable
current source comprises;

a gated amplifier, having a conirol terminal
coupled fo said comparator, having a first input
terminal coupled to said source of reference
potential, having a second input terminal and
an output terminal;
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resistive means coupled between the second
input and outpuf terminals of said gated am-
plifier; and

means for coupling an interconnection of said
resistive means and said second input terminal
of said gated amplifier to said signal output
terminal.

The clamp circuitry set forth in claim 10 further
characterized by a constant current source,
having an oufput terminal coupled to said sig-
nal output terminal, for continuously providing
a substantially constant current in a direction to
establish said potential at said signal output
terminal such that said reference potential dif-
fers from signal provided by said lowpass filter
in said predetermined polarity sense.

The clamp circuitry set forth in claim 10 further
characterized by a further lowpass filter coup-
led between said comparator and said control-
lable current source.

The clamp circuitry set forth in claim 1 or
claim 12 further characterized in that said
source of reference potential is programmable.
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